The reproductive cycle and sex inversion of the protandrous, tropical seabass, Lates calcarifer, reared in seacages in French Polynesia, were studied. In Tahiti, this species exhibits a single annual reproductive period from October to February beginning with the warm and wet season. Sex inversion begins at the end of this reproductive period in post-spawning males. The main histological features of this process were: degeneration of testicular tissue, appearance of peripheral female germinal cells, and centripetal proliferation of ovarian tissue. Completion of sex inversion required profound morphological changes in the gonads because of the strong dimorphism that exists between testis and ovary. All transitional gonads appeared morphologically smaller than testes and typically had a red-pink colour. About 45% of the three-year-old male stock underwent sex inversion, and males averaged smaller in size than did females and transitional fish.
Introduction
The tropical seabass or barramundi perch, Lates calcarifer (Block, 1790) belongs to Centropomidae. It is one of the most important species for both aquaculture and fisheries in its area of natural distribution, which extends throughout the whole Indo-Pacific. This species is a freshwater, estuarine and coastal fish, and migrates downstream for spawning (Grey 1987) .
The seabass is hermaphroditic (Moore 1979 , Davis 1982 and its protandry has been demonstrated by experimental studies involving biopsy (Moore 1979) . Its biology and ecology have been studied mostly in Australia and Papua New Guinea (see Grey 1987 , Davis 1987 . In these areas, the species undergoes a complex biological cycle. Spawning takes place in brackish waters, near the mouths of rivers, during the wet season. Eggs, embryos, larvae and juveniles first develop in coastal swamps, and the young of the year migrate upstream at the end of the wet season. They usually remain in freshwater until they reach sexual maturity as males (3-4 years). These maturing males migrate downstream at the start of the wet season and, after spawning, males and females can remain in tidal waters or move upstream again. Sex inversion usually take place between 6 and 8 years of age, after several spawnings as males, but Davis (1984) described a sexually precocious population of seabass in which fish change sex at the age of about 4-5 years.
Experiments on seabass rearing have been performed since 1985 at the Oceanological Center of the Pacific (COP, I.F.R.E.M.E.R.), because of a promising potential for aquaculture in French Poly- nesia where lagoons provide exceptional conditions for floating netcage culture (Fuchs 1987 , Aquacop et al. 1990 ). The aim of these experiments was to describe the sexual cycle and the process of sex inversion in the seabass kept in seawater, under the natural conditions of French Polynesia. These data on the sexuality of this species were of prime importance to establish complete breeding control of the seabass, Lates calcarifer, introduced to Tahiti.
Materials and methods
Larvae of the seabass, Lates calcarifer, were imported from the Primary Production Department of Singapore, and reared in two floating netcages (about 24 m3 volume, 4.80 x 2.30 and 2.20 m depth) anchored in the Vairao lagoon (Tahiti Island, French Polynesia) at the Oceanological Center of the Pacific (I.F.R.E.M.E.R.).
They were fed dry, pelleted feed with an automatic feeding system (Fuchs 1987 , Aquacop et al. 1990 ).
Twenty to twenty-five fish, aged three years from hatching at the beginning of the study (October 1988) were sacrificed each month during 14 months from October 1988 to November 1989 (total number of sacrificed fish N = 309). So, the number of fish per cage (1.55 fish per cage at the beginning of the study) varied over the course of the study. Each fish was killed by a blow to the head and the following data were immediately recorded: Standard length in mm (SL), body weight in g (W), gonadal weight in g (Wg) and visceral weight without gonads in g (WV). The gonado-somatic index (GSI) was calculated as follows: GSI = 100 Wg (W -Wg -WV)-! A piece of one gonad (when possible a cross-section at the mid point) was fixed in Bouin-Holland fluid, dehydrated, embedded in paraffin, and the sections of 4-7 ym were stained with Regaud hematoxylin, Orange G and Aniline blue dyes or with a commercial solution (Giemsa, RAL) of azur eosinate (Gabe 1968) . Some gonads were fixed whole, and sections were taken from the anterior, median, and posterior part in order to check for any possible heterogeneity in transitional gonads. Highest oocyte diameters were determined as the mean diameter of the ten largest oocytes within one histological cross-section of the ovary.
Data analysis was performed with a computer program (Statgraphic) for parametric one-way analysis of variance. Multiple range comparisons were performed using a t-test. Differences in the proportion of each sex type was performed by comparison of percentage confidence interval given in Schwartz (1963) .
Climatic data (mean over 25 years) were obtained from the meteorological station of TahitiFaaa.
Results

Reproductive cycle
Gonadal maturation stages (Table 1) Testicular maturation stages. -Male gametogenesis appeared to be a continuous process. All categories of germinal cells, from gonia to spermatozoa, were present in all sampled fish during the entire year. There was a concentric zonation of the germinal cells, and the most advanced stages of spermatogenesis were always located in the central part of the testis. Nevertheless, several different stages of testicular maturation could be distinguished according to the relative abundance of each germinal cell type within the gonad:
Male stage 1 (Ml) or testis gonia stage = Predominance of gonia within the testis (Fig. la) .
Male stage 2 (M2) or spermatogenesis stage = Predominance of spermatocytes and spermatids (Fig. lb) .
Male stage 3 (M3) or spermiation stage = Large parts of the testis were filled with spermatozoa, and the lobular structure of the testis was no longer distinguishable in these areas (Fig. lc) .
Male stage 4 (M4) or post-spawning stage = Most of the testicular,lobules were devoid of spermatozoa, but some gonia and spermatogenic cysts remained at the lobule periphery (Fig. Id) .
Whatever the testicular maturation stage, the great majority of the testes (up to 100% during some months) contained some previtellogenic oocytes (Fig. lb, c ). These were sometimes numerous, up to several hundred per cross-section. They were most often located, singly or in clusters, near the ventral side of the gonad. The average diameters for the largest 10 oocytes per section were between 20 and 50 urn and oocytes never developed beyond this stage in males.
Ovarian maturation stages. -In females, gonia and previtellogenic oocytes were present at all times of the year. Therefore, ovarian maturation stages (Table 1) have been defined according to the relative abundance of vitellogenic and atretic oocytes:
Female stage 1 (Fl) or previtellogenesis stage =
The ovary was mainly filled with previtellogenic oocytes arranged within ovarian lamellae. These oocytes were strongly basophilic when stained with hematoxylin and Giemsa (Fig. 2a) . Mean diameter of the largest 10 oocytes per section was 73 + 16 urn (N = 60). Female stage 2 (F2) or early vitellogenesis stage = Only a few vitellogenic oocytes could be observed, representing less than 50% of one histological cross-section area of the ovary. These oocytes were larger than the previtellogenic ones, and their cytoplasm had lost their basophilic character (Fig.  2b ). They were surrounded by easily distinguished follicular cells. Mean diameter of the largest 10 oocytes per section was 160 f 75 urn (N = 15).
Female stage 3 (F3) or vitellogenesis stage = Vitellogenic oocytes occupied more than 50% of one histological cross-section area of the ovary (Fig. 2~) . Mean diameter of the largest 10 oocytes per section was 390 + 29 urn (N = 42).
Female stage 4 (F4) or atretic stage = A large predominance of atretic oocytes was found within the ovary (Fig. 2d) . Mean diameter of the largest 10 oocytes per section was 335 f 103 nm (N = 7).
Reproductive periods Two main periods could be distinguished in the reproductive cycle of this species in French Polynesia (Fig. 3,4) .
The resting period (March through September) was characterized by a very low GSI (less than 0.5% for females and 0.1% for males). Only a few males and no females were found with gonads at stage 3. During this period, the temperature continued to increase until March-April, and then decreased. The rainfall decreased, and daylength reached its minimum (11 hours) in June.
The atretic stage (F4) of female gonadal maturation appeared in low proportion in December and February and in all females in March (Fig. 3) , then it was soon replaced by a long period of previtellogenesis (Fl), from April to August. The beginning of early vitellogenesis (F2) was first detected in July, but the proportion of fish at this stage always remained below 40% until September.
Active spermiation extended from October to March, but there were still a few males exhibiting spermation (M3) in May, June and July (up to 23% in May). Between 20 and 80% of testes were postspawning (M4) until August: The highest proportion of spermatogenesis stage (M2) was recorded at the end of this resting period (from 50 to 90% after June), and the testis gonia stage (Ml) was always below 40% (maximum in May).
The reproductive season was characterized by a high GSI, and nearly all the animals had gonads with gonadal maturation stage 3 (spermation and vitellogenesis). The maximum GSI for females, however, was only reached from November to January (p < 0.01 for October and February). Mean diameters for the largest 10 oocytes per section were between 250 urn (October 1989) and 400 urn (Octo- ber-February 1988). During this period, which extended from October to February, temperatures were increasing, but they did not reach their maximum until March for air temperature and April for water temperature. Rainfall was at its maximum in December and daylength was maximum from October to February (12.5-13 hours). GSI, percentages of fish with gonads at stage 3, and oocyte diameters were lower during the two sampling months of the second year (October and November 1989) than during the preceding year.
Sex inversion
Description of sex inversion The testis is a paired organ, and transverse sections of one gonad (see transverse section of a testis in Figure 5 ) showed a solid, roughly triangular structure, with two more or less regular latero-dorsal lobes. Efferent ducts were located on the dorsal side while the ventral side was divided into numerous lobes. In contrast, the ovary is a paired, hollow organ, showing, in transverse sections (Fig. S) , ovarian lamellae that invade the lumen from the ovarian walls. Because of this strong structural dimorphism between testis and ovary, we assumed that sex inversion in the seabass, Lates calcarifer, would require radical morphological reorganization of the gonad.
Depending on the presence of degenerating testicular tissue and the relative abundance of proliferating ovarian tissue, four stages of sex inversion (Tl to T4) have been defined (see Table 1 inversion were seen in male post-spawning gonads (M4) in which all male germinal cells were degenerating. Some gonia, spermatogenic cysts and residual spermatozoa sometimes remained in testicular lobules, that seemed to collapse. However, gonia and spermatogenic cysts usually occupied atypical locations in the lumen of testicular lobules. At this stage no ovarian tissue could be seen (Fig. 6a) . Clusters of basophilic cells, which sometimes contained dark pigment, were frequently noticed in these gonads as well as an augmentation of their vascularization, especially toward the periphery. These two features were characteristic of all transitional gonads. Transitional stage 2 (T2) = This stage was characterized by the first appearance of clusters of gonia, meiotic oocytes, and very young previtellogenic oocytes along the ventral side of the gonad. These clusters of female germinal cells are particularly located at the bottom of invaginations which occurred from the ventral side of these gonads (Fig.  6b) . Concomitantly, the degenerating testicular tissue was found at this time mostly close to the dorsal side (Fig. 6c) , with the ventral part of the gonad largely occupied by connective tissue (see T2 in Figure 5) .
Transitional stage 3 (T3) = At this stage, the ovarian tissue was represented by a nearly continuous layer of previtellogenic oocytes, gonia, and meiotic oocytes located along the whole ventral side of the gonad. The rest of the gonad consisted mainly of dense connective-tissue (more than 50% of one histological cross-section of the gonad), in which no testicular tissue could be found (see T3 in Figure 5 ). An intermediate zone formed by loose connective tissue could be seen between the layer of ovarian tissue and the dense connective tissue (Fig. 6d) . The invaginations of the ventral side of the gonad developed and ramified into the connective tissue to give rise to digitations that outlined the future ovarian lamellae (see T3 in Figure 5 ). In these gonads, a development of the connective tissue containing some germinal cells became apparent along the inner side of each of the latero-dorsal lobes (Fig. 7b) .
Transitional stage 4 (T4) = Oocytes have invaded the connective tissue in a centripetal way, with the latter representing less than 50% of one histological cross-section of the gonad (Fig. 7a) . The future ovarian lamellae were now clearly observable. This stage appeared to occur just prior to the formation of the ovary, and began with the outfolding of the latero-dorsal lobes which finally met and closed ventrally to form a hollow structure (as indicated by the curved arrows in transitional gonads stages T4 and closed T4 in Figure 5) . Concomitantly, the development of connective tissue in each latero-dorsal lobe expanded to give rise to a thin membrane that would become involved in the formation of the ventral wall of the future ovary (Fig. 7~) . This, however, was often broken during dissection and fixation. Although the formation of a closed ovary occurred most frequently at this stage, gonads that already were closed could sometimes be observed at the earlier transitional stage 3 (T3).
Numerous histological observations of sections through whole-fixed transitional gonads at each stage of sex inversion have shown that these were homogenous whatever the observed section (anterior, median or posterior part).
Morphologically, all transitional gonads were typically smaller than testes and were red-pink in colour, probably because of extensive peripheral blood irrigation, which was also noticeable in histological cross-sections (Fig. 6b, 7b ).
Sex inversion period
The period of sex inversion, characterized by the presence of transitional animals (Fig. 4, S) , extended from January to April, that is, between the reproductive season (October-February) and theresting period (March-September).
However, fish that were undergoing sex inversion were more numerous at the beginning of the resting period (15% in March and 30% in April) than at the end of the reproductive period, and the percentage of males declined significantly only in April (p < 0.05). Furthermore, the sex inversion process was not synchronous in the male population inasmuch as transitional stages (T2 and T3) were found in January and April, and the first stage T4 was detected as early as February. During this period, daylength decreased, although temperatures increased until April, when sexual inversion was at its height. Rate of sex inversion within the population The proportion of males changed from 73 % before the period of sex inversion (mean,from October to March), to 40% after this period (mean from May to November) (Fig. 8) . The annual proportion of fish undergoing sex inversion was about 45% for this cohort which was three-year-old at the beginning of the experiment.
Size at inversion Significant differences in the average eviscerated weight, body weight, and standard length were found between males and females (higher female weight and size, p < O.Ol), and only for the eviscerated weight between males and transitional fish (higher transitional fish weight, p < 0.05). However, no difference could be found between transitional fish and females (see Table 2 ). Furthermore, the size-frequency distribution (represented by the eviscerated weight in Figure 9 ) showed a significant overlap among all sex types.
Discussion
As a consequence of its wide geographic distribution (Grey 1987), a large range of variation can be seen in the reproductive timing of the seabass, Lates cakarifer. In Tahiti (17"30' S), this species exhibited a single annual reproductive period at the beginning of the warm, wet season. In the tropical southern hemisphere, the same timing as Tahiti was recorded in Australia (Davis 1985) and in Papua New Guinea (Moore 1982) (respectively 12-17" S and 7" S). Reproduction in equatorial countries such as Singapore (1" N) (Lim et al. 1986 ) seemed to be continuous, with a peak of sexual activity from AprilMay to September-October.
In the tropical northern hemisphere, there also was a single annual reproductive period during the summer monsoon season, for example, in Chilkla Lake in India (19" N) (Patnaik & Jena 1976 ) and Beng West (22" N) (De 1971) .
Although photoperiod and temperature have been the most frequently studied environmental factors that are able to control sexual cycling in fish (de Vlaming 1972) few such data are available on the synchronization of gonadal development in Lates calcarifer. In Tahiti, gonadal development was concomitant with rising temperature and increasing daylength, as in another tropical Australian fish Therapon unicolor (Beumer 1979) and several temperate species (Billard & Breton 1981) . There are, however, no accurate data on the synchronization of gonadal development with changes in photoperiod or temperature, although some influence of temperature on gonadal development in the seabass has been suggested (Grey 1987) . In 2100 2500 2900 3300 3700 4100 4500 4900 5300 5700 6100 6500 6900 7300
Eviscerated weight classes (g) French Polynesia, the resting period of Lam calcarifer began while the temperature was still increasing, suggesting that photoperiod could be one of the main factors for its sexual cycling. Rainfall increased at nearly the same time as temperature and daylength, but rainfall did not seem to be a regulatory factor inasmuch as seabass underwent normal gonadal development (Thouard personal communication) in artificial conditions of increasing photoperiod and temperature. On the other hand, in the area of the natural distribution of the species, the beginning of the spawning period appeared to be synchronized by the onset of the local monsoon (Moore 1982 , Davis 1985 , suggesting that rainfall, or the consequences of rainfall, were required as spawning stimuli. According to Davis (1985) , synchronization at that time allowed juveniles to take advantages of the aquatic habitats created by rainfall.
Under our experimental conditions, no ovulated female, or female undergoing oocyte maturation, was detected. However, oocyte maturation and ovulation can be triggered by LHRHa in Lates calcarifer at the vitellogenesis time (Harvey et al. 1985 , Lim et al. 1986 , Garcia 1989a , 1990 ,1992 , and treated females spawn several times every 24 hours. This short duration of final maturation and ovulation stages has been suggested as an explanation for the low proportion of female groupers, Epinephelus tauvina, found to be undergoing oocyte maturation (Abu-hakima 1987) . Another explanation, however, could be the lack of adequate natural stimuli triggering oocyte maturation, ovulation, and spawning. Under natural conditions, seabass migrate downstream before spawning (Grey 1987) , and this takes place near the mouth of rivers during the wet season. At this time, environmental factors such as the rising tide, water temperature, salinity Mean f standard error for the whole experiment. * or +* = significant difference p < 0.05 or p < 0.01 between sex type and male (M) or female (F). (Kungvankij 1987) or the presence of dissolved organic material (Moore 1982) could act as natural stimuli. Furthermore, the peak of multiple spawnings coincided with declining tides of quarter-moon periods, suggesting a semilunar spawning rhythm (Garcia 1992). It should be pointed out that in Tahiti, some ovulated females have been found among fish maintained under the same rearing conditions as ours. These females were detected only during January and February. This finding appears to rule out the hypothesis that unfavourable rearing conditions affected the triggering of oocyte maturation and ovulation in our females. The detection of ovulation in January-February, as well as the finding of all females at the atretic stage (F4) in March, suggests ovulation and perhaps spawning during the months of January-February in French Polynesia. Moore (1979) was the first to describe the process of sex inversion of the seabass, Lutes calcarifer, in Papua New Guinea. According to body-length-frequency distributions, the detection of transitional gonads, and biopsy experiments, he concluded that the seabass was a protandrous hermaphrodite and that sex inversion required a complete reorganization of its gonadal structure. These results were confirmed later by Davis (1982) in Australia. Both of these authors stated that transitional gonads could not be detected by their general morphology. However, they regarded as transitional, all gonads that showed morphological and histological features of testes as well as some young previtellogenic oocytes along the ventral lobes. We found similar oocytes in a large number of histological cross-sections of testes at all testicular maturation stages. These oocytes, called testis-ova (Atz 1964) or oocyte-likecells, seem to be present in male gonads at all stages in all known protandric teleosts (Reinboth 1988) . Moreover, they can be found in gonochoristic species in which they look perfectly identical to female previtellogenic oocytes, even at the ultrastructural level (Brush5 & Brush? 1983) . In fact, Sadovy & Shapiro (1987) have concluded that the presence of this type of oocyte within spermatogenic tissue does not characterize a transitional sex inversion stage. In the present study, first transitional stages (Tl), were recognized by the presence of degenerating testicular tissue. Immediately after this, the first female germinal cells were found in the ventral part of the gonad, always accompanied by some degenerating testicular tissue on the dorsal side (T2). Finally, a centripetal proliferation of ovarian tissue occurred (T3 and T4). According to these criteria, all transitional gonads were found to be smaller than testes and to have a typical red-pink color. This seemed to be the result of an extensive peripheral vascularization. The same observation has been reported previously in this species, but only in newly-inversed female gonads (Moore 1979) . It would be interesting to know whether the presence of blood cells play a determining role in the process of sex inversion. Peripheral vascularization near proliferating ovarian tissue may suggest some hormonal action (extra-gonadal steroids, pituitary hormones) as has been shown for the action of gonadotropin on sex inversion in Monopterus albus (Tang et al. 1974 ) and in Thalassoma bifasciatum (Koulish & Kramer 1989) . Involvement of other hypophysial hormones, such as ACTH, GH or prolactin on the sex inversion process has been suggested by Reinboth (1988) and Ross (1987) has suggested that sex inversion and growth could be under the same endocrine control in Thalassoma duperrey.
Another possibility is that the immune system takes an active part in the elimination of degenerating testicular tissue. A similar increase in blood cells or blood vessels has been noticed in the degenerating ovarian lamellae of some protogynous fish: Xyuichtys pentadactylus (Nemtzov 1985) , Scolopsi taeniopterus, Scolopsis monogramma (Young & Martin 1985) , Hemanthias vivanus (Hasting 1981) , and Mycteroperca microlepis (Roberts & Schlieder 1983) . Moreover, immune cell proliferation has been noticed in the degenerating testicular part of the ovotestis of the protandrous sparid, Lithognatus mormyrus (Besseau & Faliex 1990 , Besseau 1991 .
From a histological point of view, sex inversion in Lutes calcarifer appears to be a very particular process, especially because of the extensive morphological changes involved (Moore 1979 , Davis 1982 . Based on a large number of histological observations, we have given a chronological description of this process which is characterized by testicular tissue degeneration, centripetal proliferation of ovari-an tissue, and formation of the future ovary. In the seabass, Lates calcarifer, we showed that there was no longitudinal heterogeneity in the distribution of these different stages of sex inversion throughout transitional gonads, but only a centripetal zonation of germinal cells. A longitudinal heterogeneity in the distribution of male and female gonadal tissues during sex inversion has been described in the gonads of some hermaphroditic fish, such as Hemanthiasperuanus (Coleman 1983) Eleginops macloviylus (Calvo et al. 1992) , and Coris juhs (Brusle 1987) . In Lates calcarifer, the absence of any longitudinal heterogeneity in gonads during sex inversion makes possible a correct assessment of the transitional stage from the observation of only a single crosssection of the gonad.
According to the configuration of testicular and ovarian tissues, the gonads of this species can be classified as an undelimited type, that is without a connective membrane between the male and female tissues, but with distinct male and female gonadal tissue (Sadovy & Shapiro 1987) . Furthermore, ovarian tissue was lacking throughout the entire functional male period, with the exception of oocyte-like-cells which did not form ovarian tissue, but remained isolated female germinal cells within the testicular tissue. Among protandrous fish, this type of gonad has been described in only one species, Znegocia japonica (Platycephalidae), in which a similar reorganization of gonadal morphology has been shown (Fujii 1971 (Pollock 1985) and Sparus aurata (Zohar et al. 1978) . In the present study, it was found that in Lates calcarifer introduced into French Polynesia, sex inversion was also a post-spawning event, as described previously in Australia by Davis (1982) and in Papua New Guinea by Moore (1979) . In our case, however, a small proportion of transitional fish was also found at the end of the reproductive period (January and February). This could be the reflection of individual heterogeneity in the beginning of the male post-spawning period, inasmuch as sex inversion took place in post-spawning male gonads. Heterogeneity in the beginning of the male post-spawning period, and the fact that complete sex inversion, from a fluant male to a newly-inverted female, could take place in less than 17 days (unpublished data), may well have prevented the detection of synchronous sex inversion in all transitional fish.
During our experiment, the percentage of sex inversion within the male population was about 45%. This highly skewed sex ratio could be the result of particular conditions of captivity. Firstly, fish used for the experiment were of the same age. Whether sex inversion is triggered by attainment of a certain age and/or size still remains unclear, although the bimodal size frequency distribution found in many hermaphroditic species raises this possibility (Sadovy & Shapiro 1987) . Our results concerning the size differences between males and transitional fish, and between males and females also suggest the hypothesis that sex inversion could occur when a critical threshold size is attained by a given homogenous age-group of fish. Similar observations have been made in captive groups of seabass of the same age in which males were always smaller than females (Lim et al. 1986 ). In the grouper, Epinephelus diucanthus, males are always bigger than females whatever the age group (Chen et al. 1980) . In Thalassoma duperrey, the largest females have a greater tendency to undergo sex inversion to become secondary males in a given age group of fish (Kimura et al. 1992) . Conversely, in Gonostoma bathyphilum, the smallest males changed sex preferentially (Badcock 1986) . In Lates calcarifer, however, the significant overlap in size among sex types, suggests that size is not the only factor able to trigger sex inversion.
It is now well known that sex inversion can be initiated through behavioral signals, especially in species with social groups limited in size (Shapiro 1985 , 1988 , Ross 1990 ). Captivity could result in an inten-sification of behavioral signals by artificially creating such social groups. It has been shown in another protandrous hermaphrodite fish, the seabream, Sparus aurata, that special conditions of captivity could influence sex inversion (Zohar et al. 1984) . In this species, the presence of old females decreased the proportion of sex inversion of young males and, the presence of young males increased the sex proportion of old males that changed sex. In the same way, in captivity stock of the grouper, Epinephelus microdon, deviations in sex ratio could lead to individuals changing sex from female to male and even from male to female, producing an adjustment at approximatively a 1:l ratio (Debas 1989 , Debas et al. 1990 ). In Gonostoma bathyphilum, sex inversion occurred when threshold critical densities were attained in a given population (Badcock 1986) . In a similar way, we could imagine that the low proportion of females (26.5%) or the high proportion of males (73.5%) before the sex-inversion period could influence the rate of sex inversion in the seabass, Lates calcarifer. These two hypotheses of a critical size and a social control for sex inversion seem likely to be involved together in the explanation of this high percentage.
